order to obtain a stronger and more uniform magnetic field for a given power consumption and magnet weight, to simplify the illumination, and to study the characteristics of a freely falling chamber with respect to track distortions arising from convection currents in the gas. In the present apparatus, the cloud chamber falls freely for a distance of 45 cm between the time the particle enters the chamber and the time the photograph is made. The tracks are illuminated by light projected from the rear of the cloud chamber through the front and rear walls which consist of glass plates. Four condensers, each of 23 pf charged to 1500 volts, are discharged through four Fic. 3. A mesotron of negative charge passes through the counter in the cloud chamber and comes to rest in the gas (argon). A decay electron of 13.0&1 Mev is produced. The decay electron is projected in a direction almost normal to the front glass of the cloud chamber, thus producing only a short track. The increase in ionization and the scattering of the mesotron near the end of its range is apparent in the photograph.
aid of stereoscopic observation of the tracks, the thickness of material traversed by the electron and the corresponding loss in energy of the electron were determined. The largest of these corrections is 11 Mev, and in the great majority of cases, the corrections are only 2 to 5 Mev. Since these corrections could be made with considerable accuracy, the error they introduce into the final energy of the decay electron is only 1 to 2 Mev.
It is possible that electrons of very low energy may have escaped detection by their failure to emerge from the walls of the chamber or from the carbon plate. However, the e6'ect of such cases on the observed energy distribution should be small, and should be limited almost wholly to electrons of energy less than about 10 Mev. It is also possible that electrons of high energy may have escaped detection by entering the bank of anticoincidence counters below the cloud chamber. The combined thickness of the lower wall of the cloud chamber, and the anticoincidence counter wall is about 7 g/cm', which corresponds to the total range of an electron of about 15 Mev. Geometrical considerations, which include the efFect of the curvature of the electron In Table I are listed the energies of a11 the decay electrons observed. The estimated uncertainties in the energy values, the sign of charge, and the material in which the mesotron decayed are also given.
It will be noted that in the case of mesotrons which decay in carbon and Bakelite, positive and negative electrons occur in almost equal numbers, while positive electrons predominate when the mesotron decays in copper. The average energy of all the decay electrons is 34 Mev. In Fig. 4 is shown the integral distribution of the observed energies of the decay electrons, where the ordinate of each point corresponds to the total number of decay electrons having an energy less than, or equal to, the energy indicated by the abscissa.
In Fig. 5 is shown the differential energy spectrum where each point represents the observed number of electrons per energy interval of 10 Mev.
Points corresponding to two sets of overlapping energy intervals, displaced from one another by 5 Mev, are plotted. The energy spectrum of mesotron decay electrons may be compared with the distribution found in the case of nuclear P-decay. In the case of mesotron decay, the most probable electron energy is about 40 Mev, which corresponds to about three-fourths of the observed maximum energy, whereas the most probable energy in the case of nuclear P-decay is usually about equal to, or even less than, one-half of the maximum energy. The present data are not sufficient to establish the behavior of the curve at the upper and lower energy limits. The relatively large number of cases observed in the vicinity of the upper energy limit, however, indicates that the energy spectrum of mesotron decay electrons falls to zero at the upper energy limit more abruptly than does the spectrum of nuclear P-particles. In many cases, the curvature in the magnetic field and, therefore, the momentum of the incoming mesotron was measured before and after it traversed the known amount of material represented by either the flat counter or the carbon plate in the chamber. Computation of the mass of the mesotron from these data lead to values usually ranging from about 175 to 300 m, . The effects of gas distortions, the short length of track available for measurement, and the sma11 curvature of the tracks did not permit the rather high precision of measurement needed to obtain mass values of small uncertainty. The observed mass values, however, are not inconsistent with a unique mass of about 220 m, .
IV. THE DECAY PRODUCTS OF THE MESOTRON lt has been assumed throughout this paper that the observed ionizing decay particle is an electron.
This, of course, has not actually been proved. It is possible, however, to estimate the charge and to set an upper limit to the mass of the particle. Visual estimates of the minimum ionization of the decay particles indicate that their charge is certainly less than twice that of an electron. fn one photograph the decay particle was deHected by the magnetic field so that it made four traversals of the carbon plate before coming to rest within the plate.
The successive values of the momentum of this particle, after each traversal of the plate, were measured. From these momenta and the corresponding amount of carbon traversed, it is possible to set an upper limit to the mass of the decay particle equal to 15 m, . (:. omparison with its own ionization at higher momenta, and with the ionization of the 90-Mev~'c mesotron, gave 1.5 times minimum as an upper limit for the ionization of the decay particle, when its momentum was 5.5 Mev/c. This leads to a value of 10 m, for the upper limit of its mass. The data are therefore wholly consistent with the assumption that the charged particle is an electron. '
Before any measurements had been made of the energy of the decay electrons, it was generally assumed that in the decay process an electron and a single neutrino are formed. lf momentum and 6 See also J. C.. Fletcher and H. K. Forster, Phys. Rev. 75, 204 (1949) ; E. P. Hincks and B. Pontecorvo, Phys. Rev. 75, 698 (1949 If one excludes the possibility that the mesotron has a variable mass, ** then, on the basis of conservation of energy and momentum, the observed broad energy spectrum is inconsistent with any mode of decay which results in the production of only two particles of discrete mass, e.g. , an electron and neutrino, or an electron and a neutral mesotron. If we assume, therefore, that an electron and two neutral particles are produced, it is possible to compute an upper limit to the sum of the masses of the two neutral particles from the observed upper limit of the decay spectrum on the basis of the conservation laws. Assuming the mass of the mesotron to be 216~4 m"'and taking the observed upper limit of the energies of the decay electrons to be 55~1 Mev, one Phys. Rev. 74, 1754 (1948 . the possibility that the neutral particles are neutrinos or other neutral particles of low mass. In terms of generally accepted particles, the simplest decay process is thus one which results in the production of an electron and two neutrinos.
On the other hand, if the neutral particles have rest masses which are actually zero, then the mass of the mesotron, calculated from the upper limit of the energy spectrum, is equal to 217~4 m, . within experimental uncertainty this value is equal to the values, 216~4 m, and 215~4 ns""determined by other methods, and is in satisfactory agreement with 220~35 Mev, the only mass measurement previously reported from this laboratory. "
The observed shape of the energy distribution curve and the observed average electron energy provide further support to the assumption that the decay results in the production of three particles and not more than three; for if the decay results in the production of three particles whose proper energy is small compared with the total available energy, and if the three particles play symmetrical roles in the decay process, then each particle should receive an average energy approximately equal to ' J. G. Rettallack and R. B. Brode, Phys. Rev. , in press. "S.H. Neddermeyer and C. D. Anderson, Rev. Mod. Phys. 11, 201 (1939) .
one-third of the total available energy or two-thirds of the maximum electron energy. Two-thirds of the maximum observed electron energy (55 Mev) is 37 Mev, which is in satisfactory agreement with the observed value of 34 )'Iev for the average decay electron energy. A decay resulting in the production of four or more particles seems unlikely as the average energy then to be expected would be 27.5 Mev or less.
If one adopts the view indicated above, that the decay of the mesotron results in the production of an electron and two neutrinos, p+ -+e++2v, then, in order that spin may be conserved in the decay, the spin assigned to the mesotron must be half-integral.
Electron energy distributions have been computed recently for several different types of fields. "
In some cases these are in good qualitative agreement with the observed spectrum, but more data will be needed for a precise comparison.
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